Recently, using mouse embryo culture system, Bell et al (2009) showed successful development in the stressful hyperosmotic stress and changing of profiles in expressed genes. Additional evidences are reported in mouse embryos (Park et al., 2014) . Such plastic responses during embryo development are thought as a strategy to cope with immediate or predicted circumstances, to maximize fitness in the context of the range of environments potentially faced (Gluckman et al., 2011) .
One of the survival factors is a well maintained home-ostasis in cytoplasm. Cells have recognition systems to extra-and intracellular environment. Small changes in cell volume and pressure serve as important signals for cellular responses such as prolife-ration, death and migration.
Homeostasis in cytoplasm is maintained through exchanges with external environment. Therefore, cell must adapt to osmotic shocks and actively adjust the adaptation level (Jiang and Sun, 2013) . Homeostatic internal environment of cytoplasm and blastomere is depending on the amount of water, ion, nutrients, and organic molecules. Mechanosensitive channels, active ion pumps, and water channels (aquaporins, AQPs) are a key to understanding the overall mechanical response for cellularization during early stage embryo development.
Thirteen AQPs (AQP0-12) are revealed and distributed in different organs (Hua et al., 2013) . AQPs can be distinguished their sequence homology and permeable functions as following (Gonen and Walz, 2006) : AQP0, -1, -2, -4, -5, -6, and -8 are aquaporins and highly selective for water molecules, although AQP6 and AQP8 only belong to this group based on their sequence, since AQP6 is an anion channel (Yasui et al., 1999) and AQP8 is permeable to urea (Ishibashi et al., 1997) . AQP 3, 7, 9, and 10 are aquaglyceroporins allowing passage of small solute (for example, glycerol, urea, purines, pyrimidines, carbamides, and polyols) with AQP9 exhibiting the broadest substrate specificity (Borgnia et al, 1999; Ishibashi et al, 2002; Gonen and Walz, 2006; Itoh et al., 2005) . The nucleotide homology of AQP11 and -12 is not much high compared with the other AQPs (Calvanese et al., 2013) . The substrate specificities for the superaquaporins AQP11 and AQP12 have not yet fully determined (Ishibashi et al, 2002; .
A few studies were performed to detect Aqp expression in early stage embryos. AQP5 is known to maintain proper osmolality of the secreted saliva and lens (Ma et al., 1999; Kumari and Varadaraj, 2013) and is suggested to involve in embryo development. AQP5 may control the water transport with other AQPs during early developmental stages because AQP5 is highly permeable to water but not to small organic and inorganic molecules (Huang et al., 2006; Park et al., 2014) . During blastocoel formation, AQP3 expression is under the control of p38 MAPK and it is critical in this process (Bell and Watson, 2013) .
It has been suggested that AQP11 could work as a sort of intracellular aquaporin in certain tissues and have a role in intravesicular homeostasis of kidney proximal tubule cells, mammalian spermatogenesis and kidney, and salivary gland development (Magni et al., 2006 ). AQP11's expressed in developing mouse submandibular gland (Larsen et al., 2010) and human early stage embryos (Xiong et al., 2013) .
AQP11 is not fully characterized but detected in blastocyst in mouse (Offenberg and Thomsen, 2015) . Previously in our laboratory screened the expression of the AQPs family during early stage embryos. However, whether the expression is altered by environment is not evaluated in early stage embryos, so far. In this study, we evaluate the expression profiles during early stage embryo and modification of the levels of AQP11 transcripts and proteins. 
Experimental animals

Superovulation induction and embryo collection
Six to eight week-old female CD-1 mice were used in this study. Animals were injected with 5 IU/0.1 mL PMSG They were stored at -80C until RNA extraction.
Embryo culture
The collected healthy two cell embryos were cultured in the 10 μL drops of BWW medium contacting 0.4% bovine serum albumin (BSA). The embryo were incubated at 37C with 5% CO 2 in air until 120 hr post hCG injection.
The embryo development was evaluated every 12 or 24 hr under the inverted microscope (Olympus, 1×70). Briefly, reaction reagents are total RNA 5 μg, 5.0 μL Accuscript buffer (10×), 6.0 μL oligo dT primer (0.5 μg/μL), 1.0 μL random primer (0.1 μg/μL), 2 μL dNTP mix (100 mM), 1 μL RNase-free water. Reaction mixture was incubated at 65C for 5 min, placed the tube at RT to allow the primers to anneal to RNA for 10 min and then, added 4.0 μL DTT (100 mM), 1 μL Accuscript multiple temperature RT, 2 μL RNase block ribonuclease inhibitor (40 U/mL). The mixture was incubated at 42C for 1hr to synthesis and then 72C for 15 min to terminate cDNA synthesis.
Real Time RT-PCR
Transcripts of target gene were amplified using real time PCR (Takara, TP800) and the specific primer (Table 1) .
For quantitative RT-PCR (qPCR) was performed using SYBR Premix Ex Taq™ (TakaRa, Japan) and Thermal Cycler Dice Real Time System TP800 (TaKaRa, Japan) as 
Statistics
Quantitative RT-PCR was conducted at least in triplicate.
Differences in the mean values of AQP cDNA copies in the in vivo and in vitro embryos were analyzed using an unpaired t-test and ANOVA. Results were presented as Mean ± SD. Immunofluorescence staining was performed to each group that included in 7 embryos.
Expression patterns Aqp11 transcripts in vivo
Firstly, the level of Aqp11 transcript was analyzed in ovulated oocyte and developing embryos in reproductive tracts using real-time PCR technology. The level of Aqp11 transcript was very high in ovulated oocytes compared with the other cleaving embryos. Maternal Aqp11 transcript decreased dramatically until 2-cell stage (Fig. 1) . Its level was sharply increased after 2-cell and peaked at 4-cell stage. After that stage zygotic Aqp11 transcript was decreased until morula stage. The expression levels were again sharply increased at blastocyst stage (Fig. 1) .
These results showed that maternal Aqp11 is used at oocyte and zygotic Aqp11 is expressed and peaked at 4-cell stage and blastocyst stages.
Differential expression patterns and levels of Aqp 11 transcripts in vitro
We analyzed the expression levels of zygotic Aqp11 during in vitro culture. 2-cell stage embryos were cultured under the BWW and standard culture condition. Aqp11 transcripts were detected in all the examined stage compared with the same stage in vivo embryos. However, the profile patterns were similar with them of in vivo embryos (Fig. 2) .
These results indicate that the expression patterns were not changed in Aqp11 expression but the levels of expression or degradation were modified by in vitro culture. Previously mRNAs encoding AQP0 -12 were analyzed in preimplantation mouse or human embryo (Offenberg et Cells containing mutant AQP11 have significantly higher osmotic water permeability (Takahashi et al., 2014) . AQP11 expressed in Xenopus oocytes had no water permeability at all (Gorelick et al., 2006) , whereas stopped-flow light scattering experiments using reconstituted AQP11 on proteoliposomes revealed normal water permeability (Yakata et al., 2007) . Nevertheless, a recent study showed that vesicles incorporating AQP11 directly formed from Sf9 cell membranes had appreciable water permeability (Yakata et al., 2011) .
AQP11 shows slow water conduction. The water permeability of AQP11 is 8-fold lower than that of AQP1 (Yakata et al., 2011) . It also works as glycerol channel in adipocytes (Madeira et al., 2014) . Interestingly, this study revealed Bell CE, Lariviere NMK, Watson PH, Watson AJ (2009) 
